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484a Tuesday, February 5, 2013Nemaline Myopathy is the most common non-dystrophic congenital myopa-
thy, clinically characterized by muscle weakness. The disease is associated
with mutations in the nebulin gene and the nebulin-based disease is referred
to as NEM2. Recent work on skinned muscle fibres from NEM2 patients re-
vealed remarkable phenotypic similarities to fibres from nebulin KO mice
(Ottenheijm et al, 2012). Here we investigated mechanics and kinetics of sin-
gle myofibrils from a novel NEM2 mouse model (NEB Dex55) that mimics
a deletion in the nebulin gene found in a large group of NEM2 patients.
We used rapid solution switching (Tesi et al.,2002) to compare maximal ten-
sion and kinetics of contraction and relaxation of myofibrils isolated from fro-
zen skeletal muscles (tibialis cranialis of neonatal mice) of WT and NEB
Dex55 mice. Myofibrils, mounted in a force recording apparatus (15 C),
were maximally Ca2þ-activated (pCa 4.5) and fully relaxed (pCa 9.0). Max-
imal isometric tension was markedly reduced in NEB Dex55 mouse myofi-
brils (49.7510.6 mN mm2n=11) compared to WT (135.3516.9mN
mm2n=9).The rate constant of active tension generation following maximal
Ca2þ activation (kACT) was significantly reduced inNEB Dex55 mouse myo-
fibrils (1.4650.07s1) compared to WT (2.7550.27 s1). Force relaxation
kinetics was remarkably faster in NEB Dex55 mouse myofibrils than in
WT, evidence that the apparent rate with which cross-bridges leave the force
generating states is accelerated in the NEB Dex55sarcomeres. Reduction of
the rate with which cross-bridges enter force generating states and of cross
bridge dissociation can markedly contribute to reducing maximal tension.
This is expected to increase the energetic cost of tension generation of the
NEB Dex55sarcomeres. Results suggest that nebulin plays a significant role
in contraction regulation and that altered cross bridge kinetics contribute to
NEM2 pathogenesis
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Skeletal muscle myosin can use a variety of nucleotides to varying effective-
ness as substrates for contraction. We previously demonstrated that complete
replacement of ATP with 2 deoxy-ATP (dATP) in activation solutions in-
creases contraction of demembranated rabbit skeletal muscle and that en-
hanced performance results from increased myosin binding and cycling
kinetics, especially during sub-maximal calcium activation. Here we report
on a transgenic mouse (Tg-RR) that overexpresses the enzyme, ribonucleotide
reductase, which converts ADP to dADP (that is rapidly phosphorylated to
dATP). This results in a ~10x increase in dATP content of skeletal muscle,
which still constitutes % 1% of the adenosine triphosphate nucleotide pool.
We are examining the contractile and metabolic properties of skeletal muscle
in this transgenic model. Preliminary data indicates the phosphocreatine to
ATP (PCr:ATP) ratio of Tg-RR mice is significantly elevated relative to
wild type (Tg-WT) mice, suggesting the Tg-RR mice may have an energetic
advantage due to increased high energy phosphate reserves. Furthermore, the
Tg-RR mice ran for a longer period of time at increased speed and for longer
distances in a graded exercise test. Direct in situ stimulation of the gastrocne-
mius muscle indicates improved resistance to fatigue, consistent with both the
exercise and the metabolic (PCr:ATP) findings. Interestingly, our preliminary
experiments suggest the Tg-RR mice produce significantly less peak force and
show signs of atrophy. Ongoing experiments are examining changes in mito-
chondrial content and function as well as contractile properties of isolated
muscles to determine the mechanisms underlying the increased fatigue resis-
tance of the Tg-RR mice. These results suggest a new direction for developing
interventions to improve exercise tolerance in human patients. Supported by
HL11197 (MR).
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Fatigue occurring during exercise can be defined as the inability to maintain
the initial force or power output. We showed recently that fatigue during re-
petitive tetanic stimulation at 24 C of fibre bundles dissected from FDB
mouse (C57BL/6) muscle, occurs in two phases: an initial one during which
individual crossbridge force decreases, and a later phase during which also
crossbridge number decrease (Nocella et al.,2011 J Physiol 589).The present
experiments were made on the same preparation to compare the fatigue mech-anism at 24C and at physiological temperature of 35 C and to investigate the
mechanism of force recovery from fatigue at 24C. Fatigue was induced with
105 consecutive isometric tetani evoked every 1.5 s. Force recovery was
followed by tetani evoked every 90s until force recovered to 90-100% of
pre-fatigue value. Stiffness was measured with small sinusoidal length oscil-
lations at 6.5 kHz. At both temperatures fatigue occurred initially through the
decrease of the individual crossbridge force followed by the reduction of
crossbridge number. However the initial phase lasted for ~40 tetani at 35C
and ~20 tetani at 24C. This suggests a greater resistance to fatigue of this
mechanism at high temperature. In contrast, during the second phase the ten-
sion loss was faster at 35C than at 24C so that after 105 tetani tension was
similar at both temperatures. Force recovery also occurred in two phases. The
initial phase lasted from ~1.5-4 min and recovered 40-90% of tension loss.
The second phase lasted for ~60 min and its amplitude was well correlated
with tension decrease during the second phase of fatigue. Thus the mechanism
of tension recovery after fatigue seems symmetrical to tension loss during
fatigue.
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Xin repeat-containing proteins were originally found in the intercalated discs
of cardiac muscle with proposed roles in cardiac development and function.
A pair of paralogous genes, Xina (Xirp1) and Xinb (Xirp2), is present in
mammals. Ablation of the mouse Xina (mXina) did not affect heart develop-
ment but caused late-onset adulthood cardiac hypertrophy and cardiomyopa-
thy with conductive defects. Both mXina and mXinb are also found in the
myotendinous junctions (MTJs) of skeletal muscle. In the present study, we
investigated the structural and functional significance of mXina in skeletal
muscles. In addition to MTJs and the contact sites between muscle and peri-
mysium, mXina but not mXinb was found in the blood vessel walls, whereas
both proteins were absent in neuromuscular junctions or the nerve fascicles.
Co-localization and co-immunoprecipitation suggested association of mXina
with talin, vinculin and filamin but not b-catenin in MTJs of adult skeletal
muscle. Complete loss of mXina in mXina-null mice had subtle effects on
the MTJ structure and the expression of other known MTJ components. Dia-
phragm muscle fibers of mXina-null mice showed significant hypertrophy. In
comparison with wild type controls, mouse extensor digitorum longus (EDL)
muscle lacking mXina exhibited no overt change in contraction and relaxation
velocities or in maximum force development. Its fatigability and recovery
from fatigue were similar to that of wild type control. Loaded fatigue con-
tractions generated stretch injury in wild type EDL muscle as indicated by
an adaptive restrictive truncation of troponin T. However, this effect was
blunted in mXina-null EDL muscle. The results suggest that mXina may
play a role in MTJ conductance of contractile and stretching forces, essential
to skeletal muscle function.
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Duchene muscular dystrophy is caused by the loss of the cortical cytoskeletal
protein dystrophin. These muscle cells have abnormally structured cortical
cytoskeleton that leads to impaired ability to control stress in the cell cortex.
When a stress bearing cytoskeletal element is removed from a system other
proteins rearrange to adapt to the changed stress distribution and must absorb
stresses that they were not intended to bear. This could affect a number of
downstream mechanically sensitive receptors and enzymes. Knowing which
cytoskeletal elements absorb the stress in the system that was intended for
dystophin would be useful in understanding what mechanically based sensory
systems will be affected most and can help in the design of treatments and in
assessing therapies to treat muscular dystrophy. We created chimeric cytoskel-
etal proteins containing the cpstFRET stress sensing cassette and expressed
them in developing normal and dystrophic mouse myotubes. These proteins
included actinin, filamin, spectrin, vinculin and dystrophin. These chimeric
proteins all showed distinct spatial distributions in the myotubes. We measured
the stress on these proteins in resting cells and in cells stretched with a micro-
pipette. All proteins had different resting stress levels. Filamin, an important
component of focal adhesion plaques, showed the most significant difference
in resting stress levels between normal and dystrophic myotubes. It also showed
Tuesday, February 5, 2013 485athe most significant stress change in response to stretching. The distribution of
filamin was very similar to dystrophin forming longitudinal tracks along the
contacted surfaces of the myotube.
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Muscle membrane vulnerability is a hallmark of Duchenne Muscular Dystro-
phy (DMD), an X-linked neuromuscular disease that results in progressive
skeletal muscle weakness and significant cardiomyopathy. We propose the
use of membrane-sealant copolymers as an innovative and unique potential
therapeutic for DMD. The tri-block copolymer family comprises molecules
made of a hydrophobic polypropylene oxide (PPO) core flanked bilaterally
by linear chains of hydrophilic polyethylene oxide (PEO) chemical moieties.
Block copolymers exist at various molecular weights and PPO/PEO ratios
and it is currently not known what structural properties confer membrane
sealing capacity to copolymers of this family. We and other groups have
shown that one such sealant, poloxamer P188, protects dystrophic hearts
in vitro and in vivo in both small and large animal models of DMD but its
apparent efficacy is significantly reduced in skeletal muscle in vivo. This
underscores the importance of discovering more potent membrane sealants
to treat all striated muscles in DMD. We have initiated a collaborative
structure-function approach by implementing and refining an in vitro
membrane injuring osmotic and shear stress assay to analyze the membrane
sealing functions of these tri-block copolymer family members on dystrophic
skeletal muscle to systematically determine the effects of PPO/PEO ratio and
molecular weight on membrane protection. We will present progress on
copolymer structure-function understanding and discuss how these new data
will shed light into the structural requisite for more efficacious and potent
membrane sealants.
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Anatomical distribution of multiple proteins within complex tissue is pre-
dicted to aid in determination of musculodystrophy pathophysiology. Dysfer-
lin is a large (~230 kDa), membrane-anchored, calcium-binding protein
localized to plasmalemma and t-tubules of muscle fibers. In fibers lacking
dysferlin, these structures exhibit ultrastructural abnormalities. As a means
to identify the possible role(s) of dysferlin in maintenance of fiber ultrastruc-
ture and calcium homeostasis, we are using array tomography (ATomo) to
detect differences in protein co-localization in dysferlin-negative vs.
dysferlin-normal muscle fibers. We have screened and optimized antibodies
for specific labeling of major structural components: contractile apparatus
(actin, myosin, desmin), plasmalemma (dystrophin, caveolin), t-tubules (dys-
ferlin, DHPR-a1, DHPR-a2, ryanodine receptor) and basement membrane
(collagen A1, elastin) and calnexin and a-smooth muscle actin observe the
fiber anatomy. Testing different temperatures for labeling incubation, we
found better labeling and deeper penetration at 37C. This labeling procedure
was not associated with increased noise from non-specific labeling. We
optimized labels in ATomo by comparing their specificity for anatomical
structures over a range of antibody concentrations, from the minimum re-
quired for observable signal to very high concentrations demonstrating max-
imum signal and high noise levels. We have observed a consistent pattern
between appropriate antibody concentrations for ATomo relative to other
immunolabeling methods such as western blotting and immunohistochemistry
that roughly encapsulates a high S:N ratio plateau, forming good first approx-
imations for optimized labeling. We have combined up to four antibodies
against epitopes colocalized within the same structure to label the complete
anatomy of the T-tubule and triad architecture across the volume of a muscle
fiber. We will use ATomo to colocalize dysferlin with other proteins, to assess
the number, distribution and localization of L-type Ca2þ-channels, SERCA-
type re-uptake Caþ2-pumps, Caþ2-leak channels and Caþ2 buffering proteins
located in the t-tubules in normal and dysferlin-null myofibers.2479-Pos Board B498
3D Palm Shows Distinct Distributions of Z-Disc Proteins with the Z-Discs
in Cardiomyocytes
Yasuharu Takagi1, Dmitry Ushakov2, Xuefei Ma1, Kelsey Temprine3,
James R. Sellers1, Hari Shroff3, Michelle Peckham2.
1NHLBI, NIH, Bethesda, MD, USA, 2IMCB, Faculty of Biological Sciences,
University of Leeds, Leeds, United Kingdom, 3NIBIB, NIH, Bethesda,
MD, USA.
Z-discs are important structural and signalling structures that form the bound-
aries of each muscle sarcomere in striated muscle. within the Z-disc, electron
microscopy indicates that actin filaments, arranged in an anti-parallel organiza-
tion, are cross-linked by a-actinin dimers arranged at ~20 nm intervals. At least
30 different proteins reside in the Z-disc, and their organisation is not well
understood. Conventional light microscopy cannot resolve the localisation of
proteins within the Z-disc, as it is too narrow ~100 nm wide.
We have developed the use of 3-D Photoactivated Localisation Microscopy
(PALM) to image two specific proteins within the Z-disc; a-actinin2 and
Lasp-2 (LIM and SH3 containing protein 2), which binds to a-actinin. a-actinin
and LASP fused to mEos2 were expressed in cultured embryonic mouse or
isolated adult rat cardiomyocytes. Fixed cells were imaged using PALM, in
which a weak cylindrical lens in the light path between the specimen and the
camera was used to obtain 3D information from a single 2D plane.
The resulting images show individual molecules of mEos2-a-actinin2 and
mEos2-LASP within the Z-disc, using light microscopy, for the first time.
The localization precision was 20nm (X,Y) and 50nm in Z. The density of
mEos2-a-actinin2 molecules was higher than that for mEos2-LASP, and the
densities of both molecules was non-uniform throughout the Z-disc structures.
A quantitative analysis of these molecules provides new insight into the
organisation of these molecules within the Z-disc structure. These results
demonstrate that PALM can be used to localise specific proteins within the
narrow Z-disc and thus it has great potential for investigating the organisation
of component proteins within this structure.
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Obscurin is a 475 kDa protein in the M-line of Drosophila muscles. The protein
is made up of Ig and Fn3 domains, a Rho-GEF domain near the N-terminus and
two kinase domains near the C-terminus. The expression of obscurin was re-
duced by a P-element insertion, or by RNAi. Knockdown of obscurin by
RNAi was targeted to all muscles, or specifically to the flight muscle (IFM).
In P-element mutants and RNAi lines, embryo, larva and pupa developed nor-
mally; adults could walk and jump, but were flightless. In the wild-type pupa,
obscurin in the IFM appeared in striations at 30 hours after puparium formation,
when kettin (a Z-disc protein) and myosin were in amorphous strands. Thus,
obscurin in the M-line precedes the regular assembly of the Z-disc and
A-band. In the IFM of flies with reduced obscurin, the sarcomere length was
normal but the M-line was missing and H-zone irregular. Isolated thick fila-
ments were asymmetrical with the bare zone shifted from the middle of the
filaments. In the sarcomere, the length and polarity of thin filaments depended
on the position of the bare zone in adjacent thick filaments. Thus, the early ex-
pression of obscurin nucleates the assembly of a symmetrical thick filament,
which leads to thin filaments of uniform length. Ligands of the kinase domains
are: ball (another kinase) binding to kinase 1 and MASK (an ankyrin-repeat
protein) binding to kinase 2. Confirmation of these interactions by injecting
embryos with kinase constructs will be described. The abnormalities in the
IFM sarcomere in RNAi lines with reduced ball or MASKwere similar to those
in obscurin knockdown flies. The expression of obscurin was normal in RNAi
lines of both ligands, demonstrating the importance of obscurin, ball and
MASK to sarcomere assembly.
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The constraint of constant volume for a contracting muscle cell implies a radial
expansion that occurs during axial shortening will lead to increases in the radial
spacing of the lattice of myofilaments. That change in filament spacing, in turn,
